Prevalence of Anaplasma species and habitat suitability for ticks in Sicily  by Torina, A. et al.
10.1111/j.1469-0691.2008.02268.x
Prevalence of Anaplasma species and habitat suitability for ticks in Sicily
A. Torina1, A. Alongi1, V. Naranjo2, A. Estrada-Pen˜a3, J. Vicente2, S. Scimeca1, A. M. F. Marino1,
F. Salina1, S. Caracappa1 and J. de la Fuente2,4
1Intituto Zooproﬁlattico Sperimentale della Sicilia, Palermo, Sicily, Italy, 2Instituto de Investigacio´n en
Recursos Cinege´ticos IREC (CSIC-UCLM-JCCM), Ronda de Toledo s ⁄n, Ciudad Real, Spain,
3Department of Parasitology, Veterinary Faculty, Zaragoza, Spain and 4Department of Veterinary
Pathobiology, Center for Veterinary Health Sciences, Oklahoma State University, Stillwater, OK, USA
INTRODUCTION
The genus Anaplasma (Rickettsiales: Anaplasmata-
ceae) includes the tick-transmitted pathogensAna-
plasma marginale, Anaplasma phagocytophilum and
Anaplasma ovis that have an impact on veterinary
and human health [1]. Anaplasma spp. are endemic
in Sicily, where they constitute a veterinary and
human health problem [2,3]. Sicily represents a
typicalMediterranean ecosystem and offers a good
scenario to study the prevalence of Anaplasma spp.
in relation to the habitat suitability for ticks. The
aimof this studywas to characterise the prevalence
ofAnaplasma spp. in most abundant host species in
Sicily and to correlate these data with the habitat
suitability (HS) for ticks at the province level.
MATERIALS AND METHODS
Animals and determination of Anaplasma spp.
prevalence
Cattle (n = 374), goats (n = 134), sheep (n = 286), horses
(n = 134), dogs (n = 46) and mice (Mus domesticus, Apodemus
sylvaticus) (n = 69) were sampled in different Sicilian provinces.
Blood was collected during 2006–2007 into sterile tubes with
anticoagulant (EDTA) and stored at )20C until used for DNA
extraction. The prevalence of A. marginale, A. phagocytophilum
and A. ovis was determined by species-speciﬁc major surface
protein (msp) 4 PCR and sequence analysis of amplicons [3].
Modelling of HS for ticks
Habitat (climate and vegetation) suitability models describing
the expected distribution area for the most prevalent tick
species in the Mediterranean region were built using presence-
only data with the MaxEnt method [4]. Maps were constructed
from the WorldClim public climate dataset at 1 km resolution.
Vegetation-derived features were taken from a Landsat TM
high-resolution sensor and incorporated into MaxEnt as
qualitative layers [4].
RESULTS
Anaplasma marginale was detected in cattle only
and A. ovis was identiﬁed in sheep and goats with
prevalence signiﬁcantly higher when compared
with other hosts (p <0.001, Fisher’s exact test).
Anaplasma phagocytophilum msp4 amplicons were
ampliﬁed from cattle, sheep, horses, dogs and
mouse DNA samples but were signiﬁcantly high-
er in dogs (p <0.05, Fisher’s exact test). Although
these hosts are present throughout Sicily, patho-
gen prevalence was different between Sicilian
provinces and these differences correlated with
HS for the most abundant tick species in this
region (Fig. 1).
DISCUSSION
The identiﬁcation of Anaplasma spp. in analysed
hosts reﬂected the host tropism previously de-
scribed for these pathogens [2,3]. The differences
in Anaplasma infection prevalence between Sicil-
ian provinces may result from differences in
husbandry practices, wildlife reservoir hosts
and ⁄ or habitat suitability for ticks. Husbandry
practices are common to all Sicilian provinces and
wildlife reservoir hosts were not considered in
this study. However, HS for the most abundant
tick species in Sicilian provinces did correlate
with Anaplasma spp. prevalence (Fig. 1).
The information about common tick vectors
and hosts for Anaplasma spp. [5], together with
predicted tick HS and Anaplasma spp. prevalence,
allowed predicting vectors for these pathogens in
Sicily. The results suggested that Rhipicephalus
bursa may be the vector for A. marginale and
A. ovis for cattle and sheep, respectively. A. ovis
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may be transmitted to goats by Dermacentor
marginatus. The vector for A. phagocytophilum
may be Ixodes ricinus but other tick species may
subsequently prove to be vectors of this pathogen
in Sicily and other Mediterranean ecosystems.
The other tick species analysed, Rhipicephalus
turanicus and Hyalomma marginatum, may be also
involved in the transmission of Anaplasma spp. in
Sicily. Finally, other tick species that are found in
Sicily for which habitat suitability was not pre-
dicted due to lack of information (e.g. Hyalomma
lusitanicum and Haemaphysalis punctata) may also
act as vectors of Anaplasma spp. together with
mechanical transmission, at least for A. marginale.
The results reported herein have important impli-
cations for the control of Anaplasma spp. in Sicily
and may be used to construct models to predict
the risks for tick-borne pathogens in Mediterra-
nean ecosystems.
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Fig. 1. Maps showing the distribution of habitat suitability (HS) for ticks, together with the prevalence of Anaplasma spp. in
Sicilian provinces. Shades of grey show the expected HS (darker is higher) for (a) Rhipicephalus bursa, (b) Dermacentor
marginatus, (c) Ixodes ricinus, (d) Hyalomma marginatum and (e) R. turanicus. Prevalence of pathogens is included as
histograms for (a) Anaplasma marginale in cattle (blue) and Anaplasma ovis in sheep (red), (b) A. ovis in goats, (c) Anaplasma
phagocytophilum in horses (blue), rodents (red) and dogs (yellow), and (d and e) A. marginale in cattle. Labels for provinces
in Sicily have been removed in panels d and e to avoid visual overlapping with the greyed background.
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